Adoption of most suitable post mining land use is a problem with multi-dimensional nature. There are so many factors in this problem which seriously influence on the decision judgments. Therefore, in this study a fiftyattribute framework for mined land suitability analysis including fifty numbers of economical, social, technical and mine site factors developed to be a foundation for this decision making problem. Analysis by an outranking multiattribute decision-making technique, called elimination et choix traduisant la realite method, was taken into consideration because of its clear advantages on the field of mined land suitability analysis as compared with multi-attribute decisionmaking ranking techniques. Analytical hierarchy process method applied to calculate global weights of the attributes through pair wise comparison matrixes. The weights then passed to the elimination et choix traduisant la realit method so that the most efficient post mining land uses could be appointed through comparisons of pair-wise dominance relationships between alternatives. This approach applied to an illustrative example where, final results showed that, there were two non-dominated land-uses for the considered example; industrial and pasture. However by increasing indifference threshold limit, the non-dominated set reduced to a single alternative that was pasture land-use.
INTRODUCTION
In this paper, a mined land suitability analysis (MLSA) framework containing fifty numbers of leading evaluation attributes and also eight possible groups of post mining land uses for a mined land is provided by reviewing and surveying reclamation practice reports of mines, disturbed lands and many other similar cases. For example, Coppin and Bradshaw, 1982; Chen, et al., 1998; Howat, 2000; Tafi et al., 2006; Carrick and Kruger (2007) have evaluated the factors limiting plant growth on mined soils and mentioned the most serious soil limitations. Some other researchers e.g. Hindle and Grosskopf, 2000; Messing and Hoang, 2001; Hill, 2003; Gizikoff, 2004; Mu (2006) have investigated so many other factors such as topography, climate, environment, society, economy, etc. which arise in land use evaluations of mined or other disturbed lands. Besides, Cairns,1972; Alexander,1998; Errington, 2001; Paschke, et al., 2003; Stellin, et al., 2005; Cao (2007) ; have focused on special post mining land uses that were exercised in some mine sites. In the proposed MLSA framework, evaluation attributes is categorized into four criteria groups; economical, social, technical, and mine site factors. Each criteria group in turn extends to lower levels consisted of the fifty attributes in a protracted hierarchical structure.
In the last few years, analytical hierarchy process (AHP) method which is a multi-attribute decisionmaking (MADM) technique has been addressed more or less in literature on the field of MLSA process (Uberman and Ostrêga, 2005; Bascetin, 2007) . That is mainly because using the AHP; evaluation team can systematically compare and determine the global weights of the mined land attributes (Saaty, 1980) . However, it has been affirmed that excluding weighting power of this method, it losses advantages against other MADM methods in application on some situations particularly where the problem is proportionately complicated (Eddie et al., 2002) . Especially in cases such as the fifty-attribute MLSA framework, where most of the attributes have a qualitative nature, a non-compensatory approach such as; TOPSIS, ELECTRE, PROMETHEE, etc. will be more useful (Hong and Vogel, 1991) . Moreover, these methods don't need the decision maker's subjective judgments as much as the AHP does.It can be proved that, outranking MADM techniques such as ELECTRE, Achieving to some outranking relationships between post mining land uses through mined land suitability analysis For example, it happens frequently that an alternative has a lot of economic advantages and serious environmental impacts, while another presents the opposite characteristics. In such a case, decision makers may be unable to rank them.These lternatives are thus considered as incomparable and outranking methods are the only methods that can take into account this situation (Joerin et al., 2001) . This paper intends to apply an outranking MADM technique named ELECTRE (Elimination Et Choix Traduisant la Realite) to analysis the provided framework. Before analysis of mined land suitability via ELECTRE method, the AHP method applied to calculate global weights of the attributes through pairwise comparison matrixes. The weights then passed to the ELECTRE method so that the most efficient post mining land uses could be appointed through comparisons of pair-wise dominance relationships between alternatives. This approach applied to an illustrative example, to choose the sufficiently good alternative (s) among fourteen feasible land uses.
MATERIALS AND METHODS

The MLSA framework
Eight groups of post mining land uses, containing 21 individual land uses which have been exercised in mines of some different countries is provided here (Table  1) . Some of the adopted land uses had been reported as successful and some had been faced with failure. Closer studies showed that in cases without a mined land suitability analysis process (Alexander, 1998) , sometimes obtained result was not acceptable. This made certain, merits of a standardized MLSA framework for post mining land use selection. Thus developing a fifty attribute MLSA framework consisted of economical, social, technical and mine site factors; considered here to make up such a deficiency. The overall goal of the MLSA framework is mined land suitability (Fig. 1) . Where, the eight groups of post mining land uses form its alternatives. This framework is built to be solved by an MADM approach.The mine site factors are intrinsic and site-specific attributes that affect the decision. They comprise three groups of attributes namely soil, climate and topography. In general, they include soil's physical properties (SPP), soil's chemical properties (SCP), evaporation (Eva.), frost free days (FFD), precipitation (Pre.), wind speed (WS), air moisture (AM), temperature (Tem.), hydrology of surface and groundwater (HSG), surface relief (SR), slope (Slop), elevation (Ele.), exposure to sunshine (ES) and physical properties of mine components (PPM).
Technical attributes signify constraints that each one has a tendency to compel the decision maker to an individual post mining land use that is best suited for technological deficiencies arising from that attribute.
The technical factors that were considered here include; shape and size of mined land (SSL), availability of reclamation techniques (ART), closeness to nearest water supply (CNW), market availability (MA), current land use in surrounding area (CLU), prosperity in the mine area (PMA), structural geology (SG), distance from special services (DSS), outlook of future businesses (OFB), environmental contaminations (EC), extreme events potential (EEP), re-using potential of mine facilities (RPM) and landscape quality (LQ).
Economical factors are always of a great importance in MLSA and include attributes such as; maintenance and monitoring costs (MMC), capital costs (CAC), operational costs (OPC), potential absorption (PIA), increase in governmental incomes (IGI), increase in income of local community (IIL) and positive changes in real estate value (CRE). It is clear that these factors because of their uncontrollability have a deterministic role in every MLSA process.
The society i.e. government, community and stakeholders should be consulted during the process of MLSA, especially if a post mining land use is different to the pre-mining land use. Even in some situations for small and isolated mines, the existing land owner and neighbours would constitute the primary groups to be consulted.
Then as well as meeting the other requirements, it is critical that the post mining land use is acceptable to the society. Social factors that were considered here include; effects on immigration to the area (EIA), need to specialist workforces (NSW), positive changes in livelihood quality (CLQ), employment opportunities (EO), serving the public education (SPE), frequency of passing through mine site (FPT), ecological acceptability (EA), tourism attraction (TA), land ownership (LO), proximity of mine site to population centres (PMP), location toward nearest town (LNT), accessibility or road condition (Acc.), mining company policy (MCP), government policy (GP), zoning by-laws (ZB) and consistency with local requirements (CLR). The AHP-ELECTRE approach AHP-ELECTRE approach was applied to analysis an illustrative example which contained the fiftyattribute framework and fourteen feasible competitive post miming land uses including; farmland (A-F), pasture (A-P), nursery (A-N), forestry (F), lake or pool (L), sport field (IR-S), park or open space (NIR-P), residential (CT-R), commercial (CT-C), industrial (CT-I), educational (CT-E), a sustainable community (CT-S), wildlife habitat (CV-W) and landfill (B). As shown in Fig. 2 , these land uses had been ranked by AHP-TOPSIS approach in a previous study (Soltanmohammadi et al., 2008) . Similar to the previous study, first the performance scores and AHP calculated weights of the attributes were determined by decision maker's subjective judgments. Then, rest of the works turned over to the ELECTRE method. As it has shown in Table 2 , for each land use, performance scores were assigned to every fifty attributes. Decision makers have used here the fundamental 1-9 scale defined by Saaty (Saaty, 1990) to assess the performance scores of the attributes.
In the proposed nine-point scale of quantification, score equal to 1 signifies extremely low and score equal to 9 signifies extremely high condition of every attribute against each land use. In Table 3 , all of the attributes with their assigned performance scores against the land uses are shown.
The rows that are highlighted represent cost attributes and must be minimized in the MLSA process while, the others represent benefit attributes which must be maximized.
Weighting the evaluation attributes using AHP
AHP quantifies decision-maker 's subjective judgements by assigning corresponding numerical values based on the relative importance of the components under consideration. This method is developed by Saaty (1980) and is a powerful decision making methodology in order to determine the priorities among different attributes.
The AHP encompasses six basic steps as summarized as follows:
Step 1: Decompose the decision problem into a hierarchy with a goal at the top, criteria and attributes at levels and sub-levels of and decision alternatives at the bottom of the hierarchy (Fig. 1) .
Step 2: The decision matrix, which is based on Saaty's nine-point scale, is constructed. In this context, the assessment of 1 indicates equal importance, 3 moderately more, 5 strongly more, 7 very strongly and 9 indicates extremely more importance. The values of 2, 4, 6, and 8 are allotted to indicate compromise values of importance.
Step 3: The third step involves the comparison in pairs of the elements of the constructed hierarchy. The aim is to set their relative priorities with respect to each of the elements at the next higher level. The pair-wise comparison matrix of n attributes, which is based on the Saaty's 1-9 scale, has the form of Eq. (1): In the comparison matrix, the elements a ij can be interpreted as the degree of preference of ith attributes over jth attributes.
Step 4: AHP also calculates an inconsistency index (or consistency ratio) to reflect the consistency of decision maker's judgments during the evaluation phase.
The inconsistency index in pair-wise comparison matrixes could be calculated with the Eq. (2): Where, λ max is highest eigenvalue of the pair-wise comparison matrix.
The closer the inconsistency index is to zero, the greater the consistency thus, the relevant index should (1) be lower than 0.10 to accept the AHP results as consistent. If this is not the case, the decision-maker
should go back to Steps 2 and 3 and redo the assessments and comparisons.
Step 5: Before all the calculations of vector of priorities, the comparison matrix has to be normalized. Therefore, each column has to be divided by the sum of entries of the corresponding column. In that way, a normalized matrix is obtained in which the sum of the elements of each column vector is 1.
Step 6: For the following part, the eigenvalues of this matrix are needed to be calculated which would give the relative weights of attributes. Such a procedure is common in mathematics; however Expert Choice software has been used here, which is a multi-objective decision support tool. The calculated global weights of the attributes by this software are placed in last column of Table 3 . A descending order of these weights has also been illustrated in Fig. 3 . According to Eq. (2), an overall inconsistency index of 0.02 motivated the decision makers to accept final results of the AHP method and to import them into the ELECTRE method.
Identification of efficient post mining land uses using ELECTRE method
The ELECTRE method was originally introduced by Benayoun et al. (1966) . Since then Roy (1968) ; Nijkamp (1977) ; Roy and Skalka (1984) have developed this method to the present state. in the first step of this methodology, the decision matrix, representing the performance scores f ij of each alternative j with respect to each attribute i, is determined (Table 3) and then normalized. Next, these normalized performance scores are multiplied with the global attribute weights (Table 3 ) calculated beforehand with the AHP. This method consists of a pair-wise comparison of alternatives based on the degree to which evaluations of the alternatives and the preference weights confirm or contradict the pair-wise dominance relationships between Mined land suitability analysis Table 4 as a fragmented decision matrix.
Step 2: Calculation of weighted normalized decision matrix. The AHP calculated weights used as a weight vector w i and is multiplied with vector of the normalized decision matrix (Table 5 ). The weighted normalized decision matrix v ji is calculated by Eq. 4:
Step 3: Determination of concordance and discordance sets. For each pair of alternatives k and l, (k, l = 1, 2, …, J; k '"l) the set of evaluation attributes n = {i|i = 1, 2, …, n} is divided into two distinct sets; the concordance set C kl and discordance set D kl , the elements in C kl are all attributes for which v ki e" v li , the elements in D kl are all attributes for which v li e" v ki . In other words;
The complementary subset is called the discordant set, which is;
Concordance and discordance attribute sets of the fragmented decision matrix in Table 5 , according to Eq.
alternatives. It examines both the degree to which the preference weights are in agreement with pair-wise dominance relationships and the degree to which weighted evaluations differ from each other. These stages are based on a concordance and discordance set; hence this method is also called concordance analysis.
The traditional ELECTRE method takes the following steps:
Step 1: Calculation of normalized rating for each element in the decision matrix. Because the attributes are of benefit and cost types, and different attributes may have different dimensions. Thus, a basic task 
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Step 4: Calculating the concordance indices, and establishing a concordance matrix. The concordance index I kl between alternatives k and l is defined as;
The concordance matrix of proposed example established using Eq. (7) and Eq. (8) is shown in form of Table 6 .
Step 5: Calculating the discordance indices, and establishing a discordance matrix. The discordance index NI kl between alternatives k and l can be calculated by formula; Similar to the previous step, the discordance matrix can be set up as; (5) and Eq. (6) are as follows; whereas k is farmland (A-F):
The discordance matrix of proposed example established using Eq. (9) and Eq. (10) is shown in form of Table 7 .
Step 6: Determination of the concordance dominance matrix. This matrix can be calculated by concordance
index and a parameter called preference threshold limit (a), the parameter a can be calculated as; Then through comparing all elements in concordance matrix and the value of a, the concordance dominance And Through comparing elements in concordance matrix (Table 6 ) with the value of a, the concordance dominance matrix was established using Eq. (12); this matrix is shown in Table 8 .
Step 7: Determination of the discordance dominance matrix. This matrix can be calculated by discordance index and a parameter called indifference threshold limit (a), the parameter a can be calculated as; Then through comparing all elements in concordance matrix and the value of a, the discordance dominance matrix G can be established, the elements of which are defined as; The value of preference threshold limit a for the given example was calculated by Eq. (11); matrix H can be established, the elements of which are defined as; The value of indifference threshold limit a for the given example was calculated by Eq. (13); And Through comparing elements in discordance matrix (Table 7) with the value of a, the discordance
dominance matrix H established using Eq. (14); this matrix is shown in Table 9 .
Step 8: Determination of the aggregate dominance matrix (Table 10 ). The aggregate dominance matrix E=[e kl ] J×J is established by H and G matrixes. Its elements can be calculated as;
Step 9: Elimination of the inferior alternatives. While the outranking relationship has been constructed, 
the less favourable alternatives can be eliminated, and as a result; non-inferior solution set can be obtained. The dominated alternatives can be easily identified in the E matrix, in such a manner that, any column(s) which have an element of 1 is simply eliminated.
Therefore, existence of element 1 in a cell (l, k) of the aggregate dominance matrix means that, the present alternative in the row l is preferred to the present alternative in the column k.
In ELECTRE algorithm, the final result is not acceptable unless an appropriate outr anking relationship is established. In this manner, the alternative set J is reduced to a smaller subset J. The elements in J is preferred to other alternatives. If J is small enough, then the process finishes. Or else, by Table 5 : Weighted normalized values in a fragmented decision matrix changing the thresholds a and a, the number of nondominated alternatives can be reduced. However, while the symbol > signifies preference; for the given example the following outrankin grelationships can be achieved from 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 --- Table 7 : Discordance matrix of fourteen post mining land uses Table 8 : Concordance dominance matrix of fourteen post mining land uses 
RESULTS AND DISCUSSION
As it can be seen in Table 10 , two columns of the aggregate dominance matrix which are highlighted don't have any element of 1 and can be identified as nondominated alternatives. These alternatives are concluded as efficient alternatives and include; pasture (A-P) and industrial (CT-I) post mining land uses. Paying attention to the final result of a TOPSIS ranking approach (Fig. 2) , the above alternatives were of high preference in that method too. Secondly, Table 10 shows that, landfill (B), sustainable community (CT-S), and lake or pool (L) post mining land uses, which are located in highlighted rows, don't have any element of 1 and can be concluded as worst alternatives. This Table 9 :Discordance dominance matrix of fourteen post mining land uses latter, also substantiate the previous approach (Fig. 2) well. Thus, existence of a great harmony between results of two applied approaches; properly demonstrate that, the procedure to solve the proposed MLSA fifty-attribute framework is quite valid for the given example.
However, in order to reduce the members of nondominated subset J to a single post mining land use, the preference (a) and indifference (a) threshold limits have been changed. Results showed that when a value remains constant, a very small increasing of a value to 0.875 will reduce J members to a single superior alternative that is pasture land-use. Whereas, this alternative was placed in second standing, according to the TOPSIS approach. This dissimilarity between the results of two applied approaches can be justified by (1); the different algorithms that the methods take into service and (2); equal desirability of the alternatives for decision makers. There is not any evidence anyhow, to persuade acceptation of just one approach and refusing another. This means that, further research is still necessary to facilitate decision making about applying more appropriate MADM tools on the field of MLSA. However, this study showed using the proposed AHP-ELECTRE algorithm; the outranking relationships between alternatives and in this way, the non-dominated set of land-use alternatives by any other alternatives can be identified. Also, according to this approach the worst alternatives for a given example can be recognized as well. The outranking result obtained by ELECTRE is more useful in comparison with the TOPSIS ranking result, because contrary to the TOPSIS method this approach can reveal any incomparability between the alternatives. This advantageous is more valuable especially when the numbers of possible alternatives are very high.
